INTRODUCTION {#sec1-1}
============

The most prevalent cancer among women after non-melanoma skin cancer is breast cancer and its incidence rate is increasing enormously. After lung cancer, the most of mortalities among 40-50-year-old women result from breast cancer and it accounts for 32% of female cancers.\[[@ref1][@ref2][@ref3][@ref4]\] Increase of cancer incidence has been reported in the most modern countries of Asia including, Japan, Singapore, Hong Kong and Taiwan. In contrast to reported pattern in West countries, breast cancer in modern Asian countries is appearing in young age.\[[@ref5]\] Furthermore, unlike western countries, in which breast cancer incidence has been decreased or stable\[[@ref6][@ref7][@ref8]\] it is increasing in majority of Asian countries in the last two decades.\[[@ref9][@ref10][@ref11][@ref12]\]

In Iran, cancer is the most common cause of death after coronary heart disease and accident.\[[@ref13]\] Striking increase of cancer incidence has been reported in Iran.\[[@ref14]\] Iranian women develop this disease at least one decade sooner and this makes the subject more important.\[[@ref15]\] Incidence and mortality rate of breast cancer among Tehranian women were reported 26.4 and 5.8 in one hundred thousand in 1999, respectively.\[[@ref16]\] Isfahan province is among Iranian cities with high-rate of cancer. According to statistics in 2005, 10% of all observed breast cancers in Iran had been seen in Isfahan.\[[@ref17]\]

Among breast cancer patients, the primary tumor usually does not end in death; in fact distant metastases result in death.\[[@ref18]\] Cancerous cells go to other parts of body through blood flow and lymphatic vessels and start to grow and form new tumors.\[[@ref19]\] The percentage of breast cancer patients with high-risk of metastasis is about 30-50.\[[@ref20]\] In the first 3 years after diagnosis, nearly 10-15% of breast cancer patients develop distant metastasis and it is also likely to happen 10 years after first detection.\[[@ref21]\]

Speaking of these figures besides low-quality of patients' lives with metastasis, detection of prognostic factors is crucial.\[[@ref22]\] Several studies have found that proportion of involved node (nodal ratio) has been an important prognostic factor.\[[@ref23][@ref24][@ref25]\] Large tumor has the high-risk of metastasis in comparison with small ones.\[[@ref20][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31]\] Some other risk-factors are age, estrogen receptor (ER), and progesterone receptor (PR), human epidermal growth factor receptor type 2 (HER2), tumor protein 53 (p53), antigen Ki67, and cathepsin D.\[[@ref32][@ref33][@ref34][@ref35][@ref36][@ref37]\]

Although, several studies have been undertaken to detect prognostic factors of metastatic breast cancer, most of these studies take in to account conventional risk-factors. In current study, we tried to evaluate not only conventional variables but also some other putative risk-factors like p53, HER2, Ki67, and cathepsin D. On the other hand, most of these researches studied only the first metastasis and used Cox proportional hazard models,\[[@ref38][@ref39][@ref40][@ref41]\] though each patient can experience multiple metastases. This is a direct way, which ignores the complexities such as the effect of first event on occurrence of next events. Furthermore, considering only the first event is not satisfying for evaluating the natural history of disease and all information is not considered.\[[@ref42]\] There are different regression methods for multiple failures. These methods consider special construct of correlation between events for one subject, which are generalization of survival data analysis. One of non-parametric methods for multivariate failure time data is marginal approach in Cox proportional hazard function.\[[@ref43]\] The aim of this study is identification of prognostic factors of metastatic breast cancer as a recurrent event using recurrent survival analysis in order to benefit from all existing information.

MATERIALS AND METHODS {#sec1-2}
=====================

Participants {#sec2-1}
------------

This retrospective cohort study employed data from breast cancer patients admitted and treated at Isfahan Seyed-o-Shohada research center from 1998 to 2010 (range of diagnosis date: 5/11/98-21/9/2010). Follow-up cut-off date was May 14, 2011. All registered 1084 breast cancer patients of this center entered to the study. Among these patients, 88 individuals had metastasis at the time of entrance therefore they were withdrawn from the study and size of sample declined to 996.

Variables {#sec2-2}
---------

Patient information had been extracted from computerized medical records, which included demographic information and tumor characteristics. Demographic background, including age and family history, was collected by interview. Tumor characteristics such as tumor size and status of ER, PR, p53, HER2, cathepsin D, Ki67 and also number of involved and dissected axillary lymph nodes were extracted from pathology report. Other information such as sites of metastasis and survival times was reported by physicians.

Survival time was defined as time between date of diagnosis and consecutive distant metastasis. Follow-up time was calculated starting at date of diagnosis with breast cancer until May 14, 2011 or last contact, whichever came earlier. Nodal ratio was defined as ratio of number of involved nodes to total number of disserted nodes.

Some of patients could not be followed-up and some other did not experience metastasis and the information of these patients was considered in analysis as censored data.

Statistical analysis {#sec2-3}
--------------------

The outcome of interest was distant metastasis defined as spread of cancer to distant organs such as lung, bone, liver, and brain. Each patient could experience distant metastasis several times over the follow-up time.

Stratified Cox proportional hazards model, marginal approach, was employed to evaluate the prognostic value of ER, PR, p53, HER2, diagnosis age, nodal ratio, tumor size, Ki67, and cathepsin D using univariate analysis. In marginal stratified Cox model, each subject is considered in risk set for all failures regardless of number of experienced events. Marginal method allows the researcher to consider not only the order of failures, but also different types of failures.\[[@ref44]\] The statistical details of this method is described in reference number 61 and briefly given in the [appendix](#APP1){ref-type="app"}. Regression parameters were estimated by maximum partial likelihood method. *P* values were calculated from Wald Z statistics.

Proportional hazards assumption of the model assumes that the hazard proportion of one individual to any other one is independent of time. This assumption was confirmed by graphical methods (comparing-ln-ln survival curves or observed versus predicted curves) and goodness-of-fit test.

We used the cut-off point of 0.25 for nodal ratio, which has been confirmed by previous studies\[[@ref23][@ref24]\] and plotted Kaplan-Meier survival curves in first, second and third metastasis over time for two categories of patients (nodal ratio ≤0.25 vs. \>0.25). Survival comparison between different categories was made using log-rank test. Tests were two-sided and significant level was established at 0.05. The analyses were performed using SAS 9.2 and SPSS 18.

RESULTS {#sec1-3}
=======

Over 12 years, 996 breast cancer patients with a median age of 47 years (range: 22-86 years) registered at Isfahan Seyed-o-Shohada research center were studied. A total of 143 patients (14.3%) had metastatic breast cancer; 86 patients (8.6%) experienced metastasis once, 41 ones (4.1%) twice, 15 individuals (1.5%) three times and one of them (0.1%) four times. Diagnosis age for majority of patients was more than 40 years (73.8%). The percentage of patients with more than 2 cm tumor size was 78.7. Axillary Nodal ratio was more than 0.25 among 38.4% of patients \[[Table 1](#T1){ref-type="table"}\].

###### 

Patient and tumor characteristics
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The median follow-up time was 6 years (range: 0.6-12.5 years). Among patients with at least 2 years of follow-up (*n* = 848), the percentage of patients with metastasis-free surviving at 2 year was 91.4% and the 5-year metastasis-free survival rate for patients with at least 5 years of follow-up (*n* = 605) was 81.3%.

Median (range) interval between detection of breast cancer and first metastasis was 23.23 (0.43-103) months; It was 5.9 (0.03-95.87) months between the 1^st^ and 2^nd^ metastasis and 6.15 (0.1-40.9) months between 2^nd^ and 3^rd^ metastasis.

Lung, bone, liver, and brain metastasis were determined as major sites of metastasis and their frequencies were shown in [Table 2](#T2){ref-type="table"}. Considering some of patients experienced several metastases at each event, the most prevalent site of metastasis was bone in the first event (47.5%).

###### 

Sites of metastasis in each event
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In univariate analysis, simple Cox regression model, age, and tumor size were entered into model as categorical variables. Results showed that age (*P* = 0.037), nodal ratio (*P* \< 0.0001) and Ki67 (*P* = 0.032) were statistically significant. Patients who are less than 40 years old, have 33.5% higher Hazard of recurrent metastasis in comparison with more than 40-year-old patients. On the other hand, the risk of recurrent metastasis increased as the value of nodal ratio and Ki67 increased \[[Table 3](#T3){ref-type="table"}\].

###### 

Prognostic factors for distant metastasis, simple and multiple stratified Cox regression model, marginal approach
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[Table 3](#T3){ref-type="table"} also shows the results of multiple survival analysis. ER, PR, p53, HER2, diagnosis age, nodal ratio, tumor size, Ki67, and cathepsin D were putative prognostic variables. First order interaction effect as the product of binary age and binary PR and also between binary age and Ki67 were considered in the model. Among all possible prognostic factors, nodal ratio was the only significant variable; patients with greater nodal ratio had a significantly higher adjusted hazard of recurrent metastasis (Hazard ratio = 2.756; 95% Confidence interval \[CI\]: 1.017-7.467). Tumor size was not an independent prognostic factor for recurrent metastasis.

Comparing survival into two categories of nodal ratio (≤0.25 vs. \>0.25) without adjustment for covariates, there was a significant difference between these two categories in the first (*P* \< 0.0001), second (*P* \< 0.0001), and third metastasis (*P* = 0.024); higher survival was seen in patients with nodal ratio \<0.25.

Survival curves are shown in the Figures [1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"}. The risk of first metastasis increased numerically faster in patients with nodal ratio \>0.25 in comparison with nodal ratio \<0.25. However, this difference decreased gradually in the next metastases.

![Survival curve in the first metastasis](JRMS-18-283-g004){#F1}
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DISCUSSION {#sec1-4}
==========

In this study, high-nodal ratio was associated with a shorter survival from recurrent metastasis. According to the survival curve in the first metastasis, risk of metastasis in patients with nodal ratio \>0.25 is significantly higher than nodal ratio \<0.25. The risk decreased through next metastases (because of some patient\'s deaths) however, the difference remained significant. So this factor can be used to categorize patients into two different groups; a high-risk group with nodal ratio \>0.25 and low-risk group with nodal ratio \<0.25. Findings indicate that tumor size did not influence the hazard of distant metastasis. A possible explanation might be some breast cancer tumors behave aggressively despite being small.\[[@ref45]\]

Our findings are in agreement with other studies in which only first metastasis was considered.\[[@ref38][@ref39][@ref40][@ref41][@ref46][@ref47][@ref48][@ref49][@ref50][@ref51][@ref52]\] To the best of our knowledge, there are rare reports, which studied prognostic factors of metastatic breast cancer using recurrent survival analysis. However, there are several studies evaluated this issue by multivariate survival analysis. Although the significant factors and studied samples were different in these studies, they consistently comprised of axillary nodal ratio. Truong *et al*.\[[@ref24]\] performed multivariate analysis on distant recurrence of 542 women who had pathologic T1-T2 breast cancer and one to three positive lymph nodes. It was indicated that patients with \>25% positive lymph nodes, age ≥45 years, T2 classification of tumor, grade 3 and lymphovascular invasion had higher-risk of distant recurrence. In retrospective study, by Tausch *et al*.\[[@ref53]\] lymph node ratio, age, PR, grade, and tumor stage were detected as prognostic factors of recurrent breast cancer among 7052 patients. Van der Wal *et al*.\[[@ref25]\] examined 453 stage I or II breast cancer patients and found out lymph node ratio ≥0.2, ≥14 lymph nodes removed and vascular invasion increased risk of distant metastases in node positive patients. In multivariate Cox proportional hazard regression analysis of 205 breast cancer patients with stage II or III who treated with neoadjuvant chemotherapy, Keam *et al*.\[[@ref23]\] reported that nodal ratio was prognostic factor for relapse free survival (RFS) besides initial clinical stage and ER. In univariate analysis, nodal ratio \>0.25 was associated with shorter RFS.

Furthermore, several studies evaluated the prognostic value of number of involved nodes;\[[@ref38][@ref39][@ref40][@ref41]\] Voogd *et al*.\[[@ref38]\] studied risk-factors for local and distant recurrence after breast-conserving therapy or mastectomy. Among 1,772 patients of two randomized clinical trial for stage I and II, the result of multivariate Cox proportional hazards survival analysis showed that large tumor size, positive nodal status, high-histological grade, and vascular invasion were highly associated with increased hazard of distant metastasis. In a study by Touboul *et al*.,\[[@ref39]\] risk-factors for local recurrences and distant metastases after breast-conserving surgery and radiation therapy in 528 patients with stage I or II breast cancer were studied using multivariate generalization of the proportional hazards model. It was found that the hazard of distant metastasis increased by the number of involved axillary nodes, high-histological grade, and isolated local recurrence.

Tumor size has been an important prognostic factor of distant metastasis in several studies\[[@ref24][@ref38][@ref40][@ref41][@ref51][@ref54][@ref55]\] however, this is not a fixed pattern. Other studies indicated that tumor size was not a significant factor in some subtypes of breast cancer.\[[@ref39][@ref56][@ref57][@ref58][@ref59][@ref60]\]

The present longitudinal study expanded the findings of previous studies by considering metastasis as a recurrent event and using relevant statistical models. Furthermore, the other strong point is studying the effect of some recent prognostic factors such as p53, HER2, Ki67, and cathepsin D besides conventional prognostic factors.

However, this study had some limitations. First of all, it feels a need for more information about tumor characteristic including, tumor grade. Information about tumor grade was available for few numbers of patients and it was not possible to consider in the model. Pathologic results including tumor grade imposed more cost on patient however, it has an important role in decisions made by physicians and eventually on the survival of patients. Second in spite of adjustment for large spectrum of possible risk-factors, there is always the possibility of ignoring some influential factors; So using frailty models seems logical in order to account for variability due to unobserved factors. However, the multifarious nature of breast cancer metastasis makes detection of all risk-factors difficult.

In conclusion, insignificant tumor size in this study and some other studies raised the question about conventional premise of being a major prognostic factor for distant metastasis. High-nodal ratio was associated with an increased risk of recurrent metastasis in breast cancer patients. So it is suggested for clinical management and to clinicians as a prognostic factor in follow-up of breast cancer patients; patients with higher-nodal ratio have greater hazard of distant metastasis.
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